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ABSTRACT
Background: During pregnancy, cardiovascular adaptations occur in order to meet maternal demands and adequate support 
for fetal development, but they are still unclear in the equine species, especially in the American Miniature horse breed. 
The main hemodynamic changes that occur during pregnancy are increased heart rate, cardiac output, and blood volume. 
It is necessary to use the reference values for the miniature breeds, in addition to the age range and reproductive condition, 
so the objective of this study was to evaluate the effect of pregnancy on electrocardiographic (ECG) parameters in mares 
and also of age in newborns foals of American Miniature horse breed. 
Materials, Methods & Results: Ten American Miniature Horse mares, between 7 and 19 years old (12.14 ± 4.05 years), 
116.85 ± 24.09 kg of body weight were used in the experiment. All these mares were pluriparous, with 5.9 ± 3.5 of births, 
minimum of 2, and maximum of 12 foaling times. They were maintained in common social group in an indoor house stable 
with straw bed, with access to an outdoor paddock for several h per day. Twice a day they were fed with hay. Mineral supple-
ments and water were available ad libitum. The ECG were obtained in 10 pregnant mares and in 10 neonates. All females 
were examined at a representative time of each trimester of pregnancy, at 30, 210, 300 days before and 21 days after delivery. 
Neonates were examined on different times: first 24 h after delivery, weekly on the 7th, 14th, 21st, 28th and 35th days of age. 
The ECG parameters considered were the heart rate and rhythm, duration and intervals (P, PR, QRS, QT, T) and amplitude 
(P, R, S, T) of ECG waves. The mean of pregnancy duration was 319.4 ± 4.97 days. Heart Rate (HR) varied between 51 to 
59 bpm during pregnancy and 56 bpm on the 21st day after delivery. Comparing the clinical parameters of pregnant mares, 
non-pregnant mares and foal a difference was found for HR, Respiration Rate (RR) and Temperature (P = 0.001). All ECG 
parameters of pregnant, non-pregnant and foal mares showed a significant difference (P = 0.0001), except for the amplitude 
of the P1, P2 and R waves, which was similar for the 3 groups. The mean values of HR and amplitude of the positive T wave 
were higher in foals when compared to pregnant and non-pregnant mares, which in turn did not differ from each other. The 
mean duration of the P wave, PR segment, QRS complex, QT segment and T wave were the same among mares and greater 
than in foals. Comparing pregnant and non-pregnant mares, there was a difference in only 3 parameters: duration of the QTc 
segment, amplitude of the S wave and negative T wave. The non-pregnant mares had a longer duration of the QTc segment 
and a greater amplitude of the negative T wave, while the foals had a greater amplitude of the S wave.
Discussion: Although this study did not measure HR at delivery time, it is worth to consider the action of the parasympathetic 
autonomic nervous system close to delivery, which reduces the HR of mares. This is because at delivery, sympathetic-adrenal 
activation should be avoided since the increase in sympathetic tone can cause uterine atony via B2 receptors. For this reason, 
it has been shown that, during physiological birth, horses are under parasympathetic control, and stress response mechanisms 
are not activated. It was conclude that the morphometry of the waves, intervals and ECG complexes, during the evolution of 
the reproductive state, the electrocardiographic aspects were generally associated with heart rate (PR and QT intervals). As 
for neonates, there was a discrepancy among the most of ECG parameters when compared to the adult female, regardless of 
reproductive status, clarifying the importance of ECG patterns not only for the breed, but also for the age group.
Keywords: electrophysiology, heart rate, gestation, mares, neonatal foals.
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INTRODUCTION
During pregnancy, cardiovascular adaptations 
occur in order to meet maternal and fetal develop-
ment demands [2], but they are still unclear in equine, 
especially in the American Miniature Horse (AMH) 
breed. The main hemodynamic changes are increased 
heart rate (HR), cardiac output, and blood volume 
[1,12,13,23].
The electrocardiography (ECG), with HR as-
sessment and wave morphology [19], can assist in com-
plete cardiac evaluation of pregnant mares and newborn 
foals [4], however, it is necessary to use the reference 
values for the miniature breeds, in addition to the age 
range and reproductive condition [6,7,14,24,25].
The ECG exams of 66 AMH mares in the 
initial third of the pregnancy showed few changes 
in relation to non-pregnant females, but the authors 
suggested progressive supervision on gestational pe-
riod in order to elucidate the manifestations in ECG 
patterns [24]. 
Although widely used in the small animal 
internal medicine [27], studies on ECG in equine and 
foal fetuses are scarce. This exam can be an important 
tool in equine neonatology [12], as it is an accessible, 
non-invasive and easily performed technique in the 
field [24]. Several studies had been carried out in rela-
tion to ECG and other clinical parameters in foals, such 
as Thoroughbred [5,20,28] and Ponies [10]. However, 
there are no descriptions of clinical parameters and 
ECG of AMH neonatal foals, despite the study that 
evaluated 17 foals aged 15 days to 10 months [25].
The aim of this study was to evaluate and de-
scribe the ECG and clinical parameters of AMH mares 
throughout the 3 trimesters of pregnancy and in the 
postpartum period, and the newborn foals from birth 
to the 35th days of life. 
MATERIALS AND METHODS
Animals
The experiment was performed at “Água Azul” 
farm, located in Dois Córregos city, in São Paulo State, 
Brazil. This farm started the creation of American 
Miniature horse breed in 1982, and since then has 
participated in agricultural exhibitions and has a herd 
of about 70 animals.
Ten American Miniature Horse mares, between 
7 and 19 years old (12.14 ± 4.05 years), 116.85 ± 24.09 
kg of body weight were used in the experiment. All 
these mares were pluriparous, with 5.9 ± 3.5 of births, 
minimum of 2, and maximum of 12 foaling times. They 
were maintained in common social group in an indoor 
house stable with straw bed, with access to an outdoor 
paddock for several h per day. Twice a day they were 
fed with hay. Mineral supplements and water were 
available ad libitum.
Prior to the study, all animals were subjected 
to a clinical examination of a general physical exami-
nation, that included assessment of mucosa, degree of 
hydration, capillary refilling time, lymph nodes ex-
amination, arterial pulse, measurement of the heart 
rate and respiratory frequency, evaluation of intestinal 
motility, discharge of the ileocecal valve and rectal 
temperature. Moreover, there was an evaluation of the 
clinical history, including any previous diseases and 
pregnancy history. 
Experimental design
In the experiment was included a group of 10 
healthy pregnant mares at gestational stages between 
1 and 11 months. All of the animals were evaluated for 
the presence of heart disease by cardiac auscultation. 
The main exclusion criterion of this study was the 
presence of altered cardiac auscultation signs, such as 
a cardiac murmur or arrhythmia. 
The mares were accompanied during 11 
months of gestation by choosing a representative time 
point of each trimester of pregnancy. In the mares, ECG 
recordings, clinical examination and measurement 
of systolic blood pressure by Doppler method were 
obtained on days 30th, 210th and 300th of pregnancy 
and 21st days after delivery (Tables 1 & 2). The same 
examinations were performed in the neonates at 24 h 
after delivery, and later at 7th, 14th, 21st, 28th and 35th 
days of life (Table 3). 
For comparing the clinical and electrocardio-
graphic data of pregnant mares (one to 11-months 
of pregnancy), non-pregnant mares (one to 35 days 
after foaling), and foals (one to 35 days of life), the 
mean of time points were performed (Tables 4 & 
Table 5).
Electrocardiography examination
To obtain the electrocardiograms, computer-
ized device equipped with an ECG Acquisition Module 
for Computer, PC-ECG version 2.01 was used. The ma-
ternal and neonatal records in the morning, in a closed 
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environment (individual stall), free of external stimulus 
to avoid consequent tachycardia were performed. Dur-
ing the recordings, the mares remained in their normal 
surroundings, and neonates were kept close to their 
mothers in order to avoid stress and tachycardia. The 
floor was covered with rubber plates in order to avoid 
interferences in the electrocardiographic tracing. The 
animals were maintained in the station in the standing 
position with limbs parallel to each other and without 
any sedation, tranquilizers or anesthesia. The results 
of the tracings were not correlated with the individual 
weight of each animal. 
ECG tracing was sequentially performed on 
each horse (mare and neonate foal) from the bipolar 
base-apex lead system. The electrodes were positioned 
with the yellow electrode on the left side above the car-
diac apex immediately behind the olecranon bone. The 
red electrode on the right side, cranial to the scapula 
and near the jugular vein, with the ground electrode 
attached to the withers [21].
Traces were obtained at a rate of 25 mm/s, 
with the sensitivity set to 1 cm = 1 millivolt (mV) per 
minute, to analyze at least 10 complexes per electro-
cardiogram. For each electrocardiographic recording, 
the respiratory frequency, heart rate (HR), morphology 
and duration of the P, R and T waves, QRS complex, 
PR and QT intervals (seconds), amplitude of the P, 
R, T and S waves (mV) and the ST segment (normal, 
elevated or depressed) and polarity of the T wave (posi-
tive, negative or biphasic) were obtained. 
Statistical analysis
The assumption of normality of each parameter 
was evaluated by the Kolmogorov-Smirnov test, and 
descriptive statistics such as mean and standard devia-
tion were calculated for each time point. Data were 
analyzed by ANOVA and mixed models analysis of the 
R program. Time was used as a repeated effect, and 
animal as random effect Multiple comparisons among 
consecutive time points were held and significant cases 
were registered for P < 0.05. 
Table 1. Means and standard deviation of clinical parameters of 10 American Miniature Horse breed mares during the trimesters of preg-
nancy (30, 210 and 300 days) and 21 days after delivery.
During pregnancy After delivery
P-value
30 days 210 days 300 days 21 days
HR (bpm) 52.00 ± 8.33a 44.8 ± 10.29b 57.43 ± 11a 52.4 ± 7.11a 0.034
RR (mpm) 31.14 ± 19.39 28.4 ± 4.4 28 ± 7.66 24.4 ± 8.98 0.07
T (°C) 37.19 ± 0.56 36.75 ± 0.73 37.01 ± 0.92 37.24 ± 0.73 0.07
SBP (mmHg) 105.71 ± 18.13 118.5 ± 33.25 97.86 ± 12.2 108.5 ± 33.25 0.27
HR: heart rate; RR: respiration rate; T°C: temperature; SBP: systolic blood pressure. Means followed by different lowercase letter in the 
column differed statistically (P < 0.05).
Table 2. Means and standard deviation of electrocardiographic parameters of 10 American Miniature Horse breed mares during the trimesters of preg-
nancy (30, 210 and 300 days) and 21 days after delivery.
During pregnancy After delivery
30 days 210 days 300 days 21 days P-value
HR (bpm) 51.00 ± 9.52a 46.70 ± 6.70b 59.71 ± 9.12bc 56.7 ± 8.47ac 0.006
P (ms) 81.4 3± 10.63a 77 ± 14.18a 81.43 ± 9a 80 ± 12.47a 0.70
PR (ms) 171.43 ± 28.54a 182 ± 26.58b 152.86 ± 20.59ab 167 ± 30.57ab 0.003
QRS (ms) 82.86 ± 7.56a 82.00 ± 7.89a 84.29 ± 9.76a 85.00 ± 8.5a 0.84
QT (ms) 451.43 ± 41.40a 467.00 ± 29.46b 412.86 ± 44.24ab 431.00 ± 41.22ab 0.007
QTc (ms) 415.71 ± 16.18a 405.00 ± 25.50a 405.71 ± 12.72a 420.00 ± 3 4.96a 0.11
T (ms) 16.000 ± 19.15a 160.00 ± 27.08a 130.00 ± 21.60a 141.00 ± 19.69a 0.21
P1 (mV) 0.08 ± 0.04a 0.08 ± 0.02a 0.06 ± 0.02a 0.11 ± 0.05a 0.4664
P2 (mV) 0.21 ± 0.05a 0.22 ± 0.07a 0.19 ± 0.03a 0.23 ± 0.05a 0.09964
R (mV) 0.04 ± 0.02a 0.03 ± 0.04a 0.05 ± 0.04a 0.05 ± 0.04a 0.14
S (mV) 1.48 ± 0.33ab 1.11 ± 0.19b 1.29 ± 0.17a 1.46 ± 0.26a < 0.0001
T-
 
(mV) 1.09 ± 0.43ab 0.73 ± 0.36a 0.73 ± 0.43ab 1.10 ± 0.6b 0.0028
T 
+
(mV) 0.04 ± 0.05a 0.04 ± 0.03a 0.11 ± 0.08a 0.01 ± 0.11a 0.29
Means followed by different lowercase letter in the column differed statistically (P < 0.05).
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Table 3. Means and standard deviation of the electrocardiographic parameters of 10 American Miniature Horse breed foals over time, from the first to 
the 35th day of life.
Days of life
P-value
1st 7th 14th 21th 28th 35th
HR (bpm) 107.50 ± 15.16 107.10 ± 18.72 112.40 ± 24.23 117.50 ± 19.20 112.40 ± 31.72 98.30 ± 23.73 0.190
P (ms) 57 ± 9.35 55.2 ± 13.38 58.3 ± 13.82 56 ± 12.19 56.5 ± 11.87 58.8 ± 13.03 0.891
PR (ms) 109.8 ± 13.75 101.3 ± 18.56 104.4 ± 28.64 104.1 ± 18.63 105.3 ± 21.52 108.1 ± 14.63 0.710
QRS (ms) 58.9 ± 5.38 58.5 ± 5.38 63.2 ± 11.05 60.5 ± 7.62 63 ± 13.57 65.7 ± 9.74 0.148
QT (ms) 289.6 ± 31.9 269.1 ± 32.56 274.4 ± 31.77 263.1 ± 42.57 274.1 ± 44.48 296.2 ± 42.75 0.116
QTc (ms) 380.8 ± 22.84 357.5 ± 18.86 370.4 ± 25.79 364 ± 34.35 365.3 ± 29.98 371.7 ± 31.16 0.363
T (ms) 90.6 ± 21.43 92.40 ± 18.53 99.1 ± 24.52 78.4 ± 31.94 98.5 ± 26.22 104 ± 32.07 0.188
P1 (mV) 0.17 ± 0.07 0.13 ± 0.03 0.11 ± 0.05 0.11 ± 0.03 0.09 ± 0.05 0.12 ± 0.06 0.033
P2 (mV) 0.27 ± 0.07 0.28 ± 0.08 0.26 ± 0.09 0.21 ± 0.08 0.21 ± 0.08 0.22 ± 0.08 0.038
R (mV) 0.06 ± 0.04 0.07 ± 0.06 0.05 ± 0.03 0.08 ± 0.06 0.06 ± 0.02 0.05 ± 0.03 0.432
S (mV) 2.48 ± 0.31 2.67 ± 0.75 2.45 ± 0.79 2.23 ± 0.83 2.24 ± 0.77 2.20 ± 0.8 0.237
T - (mV) 0.30 ± 0.15 0.28 ± 0.28 0.57 ± 0.31 0.47 ± 0.38 0.48 ± 0.14 0.64 ± 0.33 0.072
T + (mV) 0.18 ± 0.15 0.25 ± 0.16 0.37 ± 0.37 0.36 ± 0.29 0.30 ± 0.35 0.19 ± 0.15 0.156
Table 4. Means and standard deviation of clinical parameters of 10 pregnant, non-pregnant mares and foals of American Min-
iature Horse breed.
Pregnant mares Non-pregnant mares Neonatal foals P-value
HR (bpm) 51.14 ± 8.73a 50.71 ± 8.51a 99.91 ± 18.61b 0.0001
RR (mpm) 30.62 ± 10.35a 25.21 ± 8.73b 61.26 ± 26.24ac 0.0001
T(°C) 37.00 ± 0.90a 37.22 ± 0.66a 38.63 ± 0.50b 0.0001
SBP (mmHg) 105.17 ± 22.13a 102.08 ± 20.09a 107.66 ± 14.65a 0.327
HR: heart rate; RR: respiration rate; T: temperature; SBP: systolic blood pressure. Means followed by different lowercase letter 
in the column differed statistically (P < 0.05).
Table 5. Means and standard deviation of electrocardiographic parameters of 10 pregnant, non-pregnant mares and foals of American Miniature Horse breed.
Pregnant mare Non-pregnant mare Neonatal foals P-value
HR (bpm) 51.14 ± 8.73a 53.53 ± 8.48a 109.20 ± 22.59b 0.0001
P (ms) 81.94 ± 12.21a 83.66 ± 12.88a 56.96 ± 11.89b 0.0001
PR (ms) 176.01 ± 26.91a 171.50 ± 31.66a 105.50 ± 17.27b 0.0001
QRS (ms) 83.20 ± 8.88a 81.83 ± 7.24a 61.63 ± 9.25b 0.0001
QT (ms) 445.92 ± 38.33a 446.66 ± 42.09a 277.75 ± 38.24b 0.0001
QTc (ms) 406.60 ± 26.80a 419.33 ± 30.58b 328.45 ± 112.66ac 0.0001
T (ms) 147.96 ± 26.39a 143.66 ± 22.47a 93.83 ± 26.45b 0.0001
P1 (mV) 0.09 ± 0.095a 0.09 ± 0.04a 0.12 ± 0.05a 0.3943
P2 (mV) 0.21 ± 0.05a 0.22 ± 0.04a 0.23 ± 0.08a 0.1061
R (mV) 0.03 ± 0.03a 0.04 ± 0.03a 0.06 ± 0.04a 0.1806
S (mV) 1.20 ± 0.26a 1.46 ± 0.23b 2.37 ± 0.71ac 0.0001
T -(mV) 0.78 ± 0.34a 1.07 ± 0.50b 0.44 ± 0.28ac 0.0001
T +(mV) 0.06 ± 0.04a 0.05 ± 0.04a 0.27 ± 0.26b 0.0008
Means followed by different lowercase letter in the column differed statistically (P < 0.05).
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RESULTS
The physical examination of the mares and 
foals showed normal vital parameters. Cardiorespira-
tory auscultation was normal in all horses, and the 
presence of altered breathing sounds, murmur or ar-
rhythmias was not found in any animal. The mean of 
duration of pregnancy was 319.4 ± 4.97 days, with a 
minimum of 316 and a maximum of 328 days. 
The predominant cardiac rhythm through-
out pregnancy was sinus, with variable frequencies 
between sinus rhythm, sinus arrhythmia and sinus 
tachycardia, according to the proximity of delivery. 
During the neonatal period, there was a predominance 
of sinus rhythm and sinus tachycardia at 21 days of age 
and presence of sinus arrhythmia after 28 days.
Regarding the clinical parameters of the mares 
(Table 1), during the trimesters of pregnancy and 21 
days postpartum, there was a statistical difference only 
for HR (P < 0.05), which was lower at 210 days, and 
similar in the others time points (30 and 300 days of 
pregnancy, and 21 postpartum).
In the ECG parameters of the mares (Table 
2) there was a statistical difference in HR (P < 0.01), 
duration of the PR interval (P < 0.01), QT (P < 0.01); 
and amplitude of the S (P < 0.0001) and T wave (P 
< 0.01). There was a decrease in HR comparing the 
beginning of pregnancy (30 days) with 210 days, an 
increase in relation to 300 days, and maintenance in the 
evaluated postpartum time point (21 days). Regarding 
the duration of the PR and QT segments, both showed 
the same behavior, with the highest values found at 210 
days of gestation, the lowest at 30 days. While at the 
time points 300 days and 21 days postpartum, they were 
similar to the first two. The amplitude of the S wave 
showed similarity between 300 days of gestation and 
21 days postpartum, and were greater compared to 210 
days, even though at 30 days the mean was similar to 
the other analyzed times. The amplitude of the negative 
T wave was higher at 21 days postpartum, and less at 
210 days of gestation, whereas the values at 30 days 
and 300 days of gestation were similar to the others.
The ECG parameters of the foals (Table 3) 
were similar among the time points analyzed, except 
for the amplitudes of waves P1 (P < 0.05) and P2 (P < 
0.05), which were statistically relevant. Numerically, it 
was possible to observe that in the P1 wave, on the first 
day of life the foals had a higher mean compared to the 
seven, 14, 21, 28 and 35 days, with the lowest ampli-
tude being seen on the 28th day. The P2 wave showed 
numerical similarity between the first 14 days of life 
(1st, 7th and 14th), and then between 21st and 35th day.
Comparing the clinical parameters of pregnant 
mares, non-pregnant mares and foal (Table 4), a dif-
ference was found for HR, RR and TC (P = 0.001). 
The mean values of HR and TC had behaved in the 
same way, being higher in foals and similar between 
pregnant and non-pregnant mares. RR was higher in 
foals, followed by pregnant mares and lower in non-
pregnant mares.
All ECG parameters of pregnant, non-pregnant 
and foal mares (Table 5) showed a significant difference 
(P = 0.0001), except for the amplitude of the P1, P2 
and R waves, which was similar in the 3 groups. The 
mean values of HR and amplitude of the positive T 
wave were higher in foals when compared to pregnant 
and non-pregnant mares, which in turn did not differ 
from each other. The mean duration of the P wave, 
PR segment, QRS complex, QT segment and T wave 
were the same among mares and greater than in foals. 
Comparing pregnant and non-pregnant mares, there 
was a difference in only 3 parameters: duration of the 
QTc segment, amplitude of the S wave and negative T 
wave. The non-pregnant mares had a longer duration of 
the QTc segment and a greater amplitude of the nega-
tive T wave, while the foals had a greater amplitude 
of the S wave.
DISCUSSION
The HR of mares at 210 days was consider-
ably lower than the other measurements, due to the 
greater gestational volume found in this period. How-
ever, at the end of pregnancy (at 300 days), the values 
were higher in relation to the beginning at 30 days, 
corroborating with other studies with horses [13,15-
18,26]. Changes in the cardiovascular system and 
water balance have already been reported in women 
[8] and female rats [3]. In humans, vasodilatation oc-
curs in the second month of pregnancy, and require 
additional adaptation processes, such as the increase 
of blood volume stimulated by the renin-angiotensin-
aldosterone system and increased heart rate [11]. These 
changes cause an increase in cardiac output, which 
had promoted an adequate perfusion of the pregnant 
uterus. In mares, an exponential increase in uterine 
perfusion during pregnancy has been described and 
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is largely attributed to the increase in the diameter of 
uterine blood vessels [9].
Although this study did not measure HR at 
delivery time, it is worth to consider the action of the 
parasympathetic autonomic nervous system close to 
delivery, which reduces the HR of mares [16]. This 
is because at delivery, sympathetic-adrenal activation 
should be avoided since the increase in sympathetic 
tone can cause uterine atony via B2 receptors. For this 
reason, it has been shown that, during physiological 
birth, horses are under parasympathetic control, and 
stress response mechanisms are not activated. The re-
lease of cortisol during and after delivery is probably 
part of the endocrine pathways that regulate delivery 
and not a stress response associated with work [16].
As was found in this study, at 21 days postpar-
tum, immediately after the foal’s expulsion, the ma-
ternal HR decreased to values of non-pregnant mares. 
The HR mean of mares during foaling is much lower 
than the HR in horses in stressful situations, such as 
weaning, equestrian performances or deep exercises 
with HRs above 200 bpm [16].
In general, the HR and RR of the mares in this 
study showed means above the reference standard for 
the equine species: HR: 28 to 40 bpm; RR: 8 to 16 
mpm [22]. However, they were numerically similar 
to the HR means of American Miniature Horse mares 
pregnant in the early third of gestation (60.5 ± 1.9 
bpm) and non-pregnant (63.2 ± 1.8 bpm) described 
by Santarosa et al. [25]. This difference in the HR and 
RR values obtained compared to normal for horses can 
be attributed to the miniature size of this breed under 
study. Body temperature means were below normal 
for adult horses (37.5 to 38.5°C), although close to 
the lower limit [22].
 The measurement of the systolic blood pres-
sure (SBP) of the mares in this study, although without 
statistical significance, showed a decrease at the end 
of gestation (at 300 days), which corroborated with 
ten Warmblood mares [17]. These authors studied the 
last 3 months of pregnancy, and found the highest SBP 
values at 275 days of gestation, and the lowest 3 days 
before delivery, then the SBP increased and remained 
constant until 3 days postpartum. These finding was 
like the present study, when the SBP at 21 days post-
partum was similar to the beginning of pregnancy.
In mares, the duration of PR and QT intervals 
were inversely proportional to the HR, with higher 
values at 210 days of gestation and shorter at 30 days. 
Unlike this study, pregnant mares of the American 
Miniature Horse breed had shown no difference in 
relation to non-pregnant mares for the duration of these 
segments, in none of the 7 derivations, however, as 
already exposed, these animals presented themselves 
at the beginning of pregnancy [25].
The amplitude of the S wave was not influ-
enced by the reproductive state, since at 210 days it 
was significantly lower, but at 300 days and 21 days 
postpartum the values were the same. The negative T 
wave showed distinct values between the mare in the 
postpartum period (21 days) and in the middle third 
of gestation (210 days). These ECG parameters also 
showed no difference between pregnant and non-
pregnant mares of the same breed studied [25].
On the neonatal foals, the ECG parameters had 
shown a difference from the first to the 35th day of life 
exclusively in terms of the amplitude of the P wave, 
which was bifid in these animals. It can be noted that 
the values of both P1 and P2 decreased as age progress. 
At 14th days of age, the values found for this parameter 
were similar to foals from 15 days to 10 months of age 
of the same breed [24].
Comparing the HR values of the American 
Miniature foals with Ponies [10], a similarity was 
noted, since the present study and the other authors had 
not found statistical difference in the analyzed period. 
However, comparing the duration of the PR segment 
and the QRS complex, numerically, the neonates in the 
present study had shorter time compared to the Ponies 
[10]. As for the duration of the T wave, the foals had 
presented lower values than those already described, 
which it is possibly due to the heterogeneous age of 
the foals [24].
In comparison of pregnant, non-pregnant mares 
and neonates, changes were observed in terms of re-
productive status and also in terms of age in the vast 
majority of clinical and electrocardiographic param-
eters, in agreement with the data obtained in previous 
studies with the same breed [24,25]. Therefore, the 
findings of the newborns and healthy pregnant mares 
of the present study can be used as reference values 
for the breed, regarding the age and gestational days.
CONCLUSIONS
In this study it was conclude that the morphom-
etry of the waves, intervals and electrocardiographic 
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complexes, during the evolution of the reproductive 
state, the electrocardiographic aspects were generally 
associated with heart rate (PR and QT intervals). As 
for neonates, there was a discrepancy among the most 
of the electrocardiographic parameters when compared 
to the adult female, regardless of reproductive status, 
clarifying the importance of electrocardiographic pat-
terns not only for the breed, but also for the age group. 
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